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Iliis invention relates to an anti-hyperalgesic and to methods of preventing, treating, 
or ameliorating hyperalgesia using the anti-hyperalgesic. 

Hyperalgesia is a condition of heightened pain perception caused by tissue damage. 
This condition is a natural reponse of the nervous system apparently designed to 
encourage protection of the damaged tissue by an injured individual, to give time for 
tissue r^air to occur. There aie two kaown underlying causes of this condition, an 
increase in sensory neuron acitivity, and a change in neuronal processing of 
nociceptive information which occurs in the spinal cord. Hyperalgesia can be 
debilitating in conditions of chronic inflamamation (e.g. rheumatoid arthritis), and 
when sensory nerve damage has occurred (i.e. neuropathic pain). 

Two major classes of analgesics are known: (i) non steroidal anti-inflammiatory drugs 
(NSAIDs) and the related COX-2 inhibitors; and (ii) opiates based on morphine. 
Analgesics of both classes are effective in controlling normal nociceptive pain. 
However, they are less effective against some types of hyperalgesic pain, such as 
neuropathic pain. Many medical practitioners are reluctant to prescribe opiates at the 
high doses required to affect neuropathic pain because of the side effects caused by 
administration of these compounds, and the possibility that patients may become 
addicted to them. NSAIDs are much less potent than opiates, so even higher doses of 
these compounds are required. However, this is undesirable because these compounds 
cause irritation of the gastro-intestinal tract 

Adenosine Al receptor agonists are known to act as powerful analgesics (Sawynok, 
Eur J Pharmacol. (1998) 347, 1-11), and adenosine A2A receptor agonists are known 
to act as anti-inflammatory agents. However, development of adenosine-based 
therapies has generally been precluded because they have unacceptable side effects. 
Selective Al receptor agonists cause bradycardia, and A2A receptor agonists cause 
widespread vasodilation with consequent hypotension and tachycardia. 
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There is, therefore, a need to provide anti-hyperalgesics which are sufficiently potent 
to control pain perception in neuropathic and other hyperalgesic syndromes, and 
which do not have serious side effects or cause patients to become addicted to them. 

Spongosine is a compound that was first isolated firom the tropical marine sponge, 
Cryptotethia crypta in 1945 (Bergmann and Feeney, J. Org, Chem. (1951) 16, 981, 
Ibid (1956) 21, 226). Spongosine was the fibcst methbxypurine found in nature, and is 
also known as 2-methoxyadenosine, or 9H-purin-6-amine, 9-a-D-arabinofuranosyl-2- 
methoxy. 

The first biological activities of spongosine were described by Barflett etaL{J. Med. 
Chem. (1981) 24, 947-954) who showed that this compound has muscle relaxant, 
hypothranic, hypotensive, and anti-inflammatory activity in rats. 

The affinity of spongosine for the rat adenosine Al and A2A receptors has been 
determined. The Kd values obtained wcie 340nM for the Al receptor and 1.4mM for 
the A2A receptor Paly et al, Pharmacol. (1993) 46, 91-100). fc the guinea pig, the 
efficacy of spongosine was tested in the isolated heart preparation and the EC50 
values obtained were 10 jiM and 0.7 pM for the adenosine Al and A2A receptors, 
respectively (Ueeda et alJ Med Chem (1991) 34, 1334-1339). In the early 1990s the 
other adenosine receptors (ttie A2B and A3 receptors) were cloned, but the activity of 
spongosine at these receptors was nevei: investigated. The low potency and poor 
receptor selectivity of this compound led to it being largely ignored as more and more 
potent and receptor selective novel compounds were synthesised 

It has surprisingly been found that spongosine when administered to mammals gives 
significant pain relief in conditions of increased pain sensitivity (such as neuropathic 
and inflammatory hyperalgesia), without causing the significant side effects expected 
from use of purine receptor agonists. 

According to the invention there is provided use of spongosine in the manufacture of 
a medicament for the prevention, treatment, or amelioration of hyperalgesia. 
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There is also provided according to the invention a method of preventing, treating, or 
ameliorating hyperalgesia which comprises administering spongosine to a subject in 
need of such prevention, treatment, or amelioration. 

Spongosine has been found to be effective in inhibiting pain perception in mammals 
suffering from neuropathic and inflammatory pain even when administered at doses 
expected to give concentrations well below those known to activate adenosine 
receptors. Thus, spongosine can treat neuropathic and inflammatory pain without 
causing the significant side effects associated with administration of other adenosine 
receptor agonists. 

No anti-inflammatory effects were observed afi:er administration of spongosine, nor 
was any analgesic effect on normal physiological nociception observed. 

Spongosine can be used as an anti-hyperalgesic for the prevention, treatment, or 
amelioration of hyperalgesia caused as a result of neuropathy, including bowel pain, 
back pain, cancer pain, HIV pain, phantom limb pain, post-operative pain, diabetic 
neuropathy, polyneuropathy, post-herpes neuralgia, and trigeminal neuralgia. 

Spongosine can be used as an anti-hyperalgesic for the prevention, treatment, or 
amelioration of hyperalgesia caused as a result of inflammatory disease, including 
bowel pain, back pain, cancer pain, fibromyalgia, post-operative pain, osteoarthritis, 
and rheumatoid arthritis. 

It will be appreciated that spongosine may be administered togedier with a 
pharmaceutically acceptable carrier, excipient, or diluent. 

The appropriate dosage of spongosine will vary with the age, sex, and weight of the 
subject being treated, and the route of administration. 

It is preferred that spongosine is administered at a dose that is one fifth to one fiftieth, 
preferably one fifth to one tenth, of the minimum dose of spongosine that gives rise to 
bradycardia, hypotension or tachycardia side effects in animals of the same species as 
the subject to which the dose is to be administered. 
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Preferably spongosine is administered at a dose of less than 6mg/kg, and preferably at 
least O.lmg/kg. More preferably spongosine is administered at a dose of 0.2 to 
Img/kg. 

Spongosine may be administered by any suitable route, preferably orally, parenterally, 
sublingually, transdermally, intrattiecally, or transmucosally. 

Preferably spongosine is administered at a j&equency of 2 or 3 times per day. 

Embodiments of tihie invention are described in the following examples with reference 
to the accompanying drawings in which: 

Figure 1 shows the anti-hyperalgesic actions of spongosine (0.6 mg/kg p.o.) on 
carrageenan induced hyperalgesia. A: time course; B: dose dependency of the anti- 
hyperalgesic effect; 

Hguie 2 shows tiie anti-hypCTalgesic actions of spongosine (0.6 mg/kg p.o.) in die 
chronic constriction injury model of neuropatiiic pain; and 

Figure 3 shows the effect of spongosine (0.6 mg/kg p.o.) on A: blood pressure in 
normal rats; B: heart rate. 



Exanqples 
Example 1 

Figure 1: A. Spongosine (0.624nig/kg p.o.) inhibits carrageenan (CGN) induced thermal 
hyperalgesia (CITH) with comparable efficacy to indomethacin (3mg/kg, po). B. 
Concentration-response relationship for Spongosme at 3 hrs post dosing. Carrageenan (2%, 
10 roicrolitres) was administered into the rigjit hiad paw. A heat source was placed close to 
the treated and untreated hind paws, and the difference m the paw withdrawal latencies is 
shown. Spongosine was administered at the same time as carrageenan. 



Figure 2: Spongosme (0.624mg^ p.o.) mhibits themaal hyperalgesia caused by chronic 
constriction injury of the rat sciatic nerve. Und^ anaesthesia die sciatic nerve was displayed 
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in the right leg, and four loose Ugatiires tied round the nerve bundle. After approximately two 
weeks fbs rats developed thermal hyperalgesia in the operated leg as judged by the difference 
in paw withdrawal latencies of the right and left paws. Administration of spongosine reduced 
the hyperalgesia as shown by the reduction m the difference between tiie withdrawal 
latencies. Spongosine was as, or more, effective than carbamazepine (CBZ. lOOmgflcg s.c.) 

Figure 3: Spongosme (0.624 mgflcg p.o.) has no significant effect on blood pressure or heart 
rate. An implantable radiotBlemetiy device was placed in the abdominal cavity of 6 
rats per group. The pressure catheter of the device was inserted in tiie abdominal aorta 
and two dectiodes tunneHsed under the skin in a lead n position Qeh side of 
abdominal cavity/iight shoulder). Individual rats were placed in tiieir own cagp on a 
ladiotec^tor (DSI) for data acquisition. A: blood pressure, B; heart rate. 

Spongosine is effective in inhibiting pam perception in mammals suffering from 
neuropathic and inflammatory pain even when administered at doses expected to give 
concentrations well below tiiose known to activate adenosine receptors.. At these 
doses it can be seen tiiat neither die heart Al receptors nor the vascular A2A receptors 
are suffidentiy stimulated to cause a change in die cardiovascular status of the 
animals. 

■ Spongosine can tiierefore be used as an anti-hyperalgesic which can be administered 
orally for the treatment of hyperalgesia caused as a result of neuropathy or 
inflammatory disease, including bowel pain, back pain, cancer pain, fibromyalgia, 
HIV pain, phantom limb pain, osteoarthritis, rheumatoid arflmtis, post-herpes 
neuralgia, trigeminal neuralgia, polyneuropathy, diabetic neuropathy and post- 
operative pain. 
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1. Use of spongosine in the manufacture of a medicament for the prevention, 
treatment, or amelioration of hyperalgesia. 

2. Use according to claim 1, wherein the hyperalgesia is neuropathic pain. 

3. Use according to claim 2 for the prevention, treatment, or amelioration of 
bowel pain, back pain, cancer pain, HIV pain, phantom limb pain, post-operative pain, 
post-heipes neuralgia, or trigeminal neuralgia, or for the treatment of neuropathic pain 
caused by diabetic neuropathy or polyneuropathy. 

4. Use according to claim 1, wherein the hyperalgesia is infLammatory pain. 

5. Use according to claim 4 for the prevention, treatment, or amelioration of 
bowel pain, back pain, cancer pain, fibromyalgia, post-operative pain, or for the 
treatment of infianmiatory pain caused by osteoarthritis or rheumatoid arthritis. 

6- A noethod of preventing, treating, or ameliorating hyperalgesia which 
comprises administering spongosine to a subject in need of such prevention, 
treatment, or amelioration. 

7. A method according to claim 6, wherein spongosine is administ^oed at a dose 
that is one fifdi to one fiftieth of the minimum dose of spongosine that gives rise to 
bradycardia, hypotension or tachycardia side effects in animals of the same species as 
the subject to which the dose is to be administered. 

8. A method according to claim 7, wherein the dose is one fifth to one tenth of 
the minimum dose that gives rise to the side effects. 

9. A method according to claim 6, wherein spongosine is administered at a dose 
of less than 6mg/kg. 
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10. A method according to claim 9, wherein spongosine is administered at a dose 
of at least 0. Img/kg. 

11. A method according to claim 10, wherein spongosine is administered at a dose 
of0.2tolmg/kg. 

12. A method according to any of claims 6 to 11, wherein spongosine is 
administered orally, parenterally, sublingually, transdennally, intrathecally, or 
transmucosally. 

13. A method according to any of claims 6 to 12, wherein spongosine is 
administered at a fiequency of 2 or 3 times per day. 

14. A method according to any of claims 6 to 13, wherein the hyperalgesia is 
neuropathic pain. 

15. A method according to claim 14 for the prevention, treatment, or amelioration 
of bowel pain, back pain, cancer pain, HIV pain, phantom limb pain, post-operative 
pain, post-herpes neuralgia, or trigeminal neuralgia, or for the treatment of 
neuropathic pain caused by diabetic neuropathy or polyneuropathy. 

16. A method according to any of clainas 6 to 13, wherein the hyperalgesia is 
inflammatory pain. 

17. A method according to claim 16 for the prevention, treatment, or amelioration 
of bowel pain, back pain, cancer pain, fibromyalgia, post-operative pain, or for the 
treatment of inflammatory pain caused by osteoarthritis or rheumatoid arthritis. 

18. A method according to any of claims 6 to 17, wherein the subject is a human 
subject 
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Figure 1 
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Figure 2 
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